Introduction {#Sec1}
============

Diabetic kidney disease (DKD) is a leading cause of chronic kidney disease, with a high risk of end-stage renal disease \[[@CR1], [@CR2]\]. DKD, previously known as diabetic nephropathy, is defined as persistent proteinuria greater than 500 mg/24 h or albuminuria greater than 300 mg/24 h, and is usually associated with hypertension (HTN) and decreased glomerular filtration rate \[[@CR3]\]. The first clinical sign of incipient nephropathy secondary to diabetes is microalbuminuria \[[@CR4], [@CR5]\]. However, some patients are able to develop DKD without preceding microalbuminuria or can reduce renal function even during the microalbuminuria stage \[[@CR6], [@CR7]\]. Therefore, a more sensitive and specific marker for incipient DKD is needed. In clinical and experimental trials, it has been shown that activation of the intrarenal renin-angiotensin system (RAS) has a potential role in the mechanism and progression of DKD \[[@CR8]--[@CR10]\]. The excretion of urinary angiotensinogen could be a potential biomarker of intrarenal RAS status in clinical and experimental type 1 diabetes \[[@CR11]--[@CR13]\]. Angiotensinogen (AGT) is the only known substrate for renin, which is the rate-limiting enzyme of the RAS \[[@CR14]\]. AGT is synthesized in the liver and proximal tubule. The origin of urinary AGT (uAGT) is not fully known. Some authors conclude that uAGT derives only from the kidneys and reflects intrarenal activation of the RAS \[[@CR15]--[@CR17]\]. However, Matsusaka et al. concluded that in non-diabetic mice, the primary source of renal AGT protein and angiotensin II is liver AGT, which is filtered by the glomeruli and reabsorbed by the proximal tubule through megalin-intact cells \[[@CR18]\]. Disruption of the filtration barrier in a transgenic mouse model increased both tubular and urinary AGT without any increase in renal renin activity.

On the other hand, it has been shown that in diabetic rats, overexpression of AGT in the proximal tubule may result from hyperglycemia and may lead to tubular apoptosis, tubulointerstitial fibrosis and HTN \[[@CR19], [@CR20]\]. HTN is a risk factor and may accelerate the progression of microvascular and macrovascular complications including DKD \[[@CR21]\]. Identification of individuals at risk of developing HTN and renal disease is of cardinal importance to retard the progression of renal injury in diabetes \[[@CR21]\]. AGT is important not only in the control of arterial pressure, but also in the control of renal sodium excretion \[[@CR16]\]. Enhanced tubular sodium reabsorption is stimulated by intrarenal angiotensin II as indicated by proximal tubular AGT, and may contribute to the genesis of HTN \[[@CR16], [@CR22]--[@CR24]\].

In the present study, we investigated uAGT and urinary sodium excretion (uNa) in relation to BP in children with type 1 diabetes mellitus (DM1) not presenting diabetic kidney disease; that is, with normoalbuminuria and glomerular filtration rate above 90 ml/min/1.73 m^2^.

Material and methods {#Sec2}
====================

Patient and control groups {#Sec3}
--------------------------

The study group consisted of 52 children with DM1 (28 males and 24 females) with a mean age of 14.39 ± 2.49 years. The average time of treatment was 7.86 ± 14.76 years. Children with infections, inflammatory states, proteinuria, glycosuria or any abnormal urine analysis or renal impairment were excluded to avoid potential confounding factors. None of the patients was overweight or obese. We used relative body mass index (RBMI) to estimate body fat content. RBMI was defined as actual BMI divided by ideal (50th percentile) BMI for specific age and sex. To avoid the impact of very low birth weight (VLBW) on uAGT concentration, children with birth weight below 1,500 g were excluded from the study \[[@CR25]\]. All patients had an estimated glomerular filtration rate (eGFR) above 90 ml/min/1.73 m^2^, according to the Filler formula \[[@CR26]\] and normal urinary albumin excretion (\< 30 mg/g) defined by the albumin/creatinine ratio (ACR). Glomerular hyperfiltration was recognized above 135 ml/min/1.73 m^2^, calculated as the sum of mean value plus two standard deviations (SD) \[[@CR27]\]. Screening for microalbuminuria (MA) was performed three times in first early morning urine sample for 3 months. The urine sample collected on the same morning as the blood sample was chosen for statistical analysis. Long-term glycemic control was based on hemoglobin A1c (HbA1c) levels \[[@CR28]\]. To better assess glycemic control, patients were categorised by HbA1c values into; a group with ideal glycemic control (\< 6.5 % HbA1c), optimal (\< 7.5 % HbA1c), suboptimal (7.5--9.0 % HbA1c) and poor (\> 9.0 % HbA1c) \[[@CR28]\]. None of the patients received RAS blockades. All subjects continued on free sodium intake and no medication other than insulin was allowed.

The control group consisted of 20 healthy, age-matched and gender-matched adolescents hospitalized due to suspected urinary tract defects (congenital abnormalities). Patients with congenital abnormalities, as well as infections, kidney diseases, diabetes mellitus and HTN, were excluded based on clinical examination, laboratory tests and abdominal ultrasonography. Urine and blood samples were collected on the same morning and frozen immediately.

The study protocol was approved by the local Ethics Committee, and every participant and his/her parents/legal guardians gave fully informed consent to take part in the study. The study was conducted according to the principles expressed in the Second Declaration of Helsinki.

24-hour ambulatory blood pressure monitoring (ABPM) {#Sec4}
---------------------------------------------------

ABPM was performed using an oscillometric device (SpaceLabs 90217) approved by the European Society of Hypertension \[[@CR29]\]. The monitor was programmed to measure BP every 20 min during the day (7 am--10 pm), and every 30 min during the night (10 pm--7 am). The parents and children were instructed to keep a diary of daily activities during the ABPM measurement. However, in order to compare with the normative values for ABPM, we defined the daytime period as 8 am to 8 pm, and the nighttime period as 12 pm to 6 am \[[@CR30], [@CR31]\]. The cuff size was determined by measurement of the mid-arm circumference, and was approximately 40 % of the arm circumference \[[@CR26]\]. The cuff was placed on the non-dominant arm. The patients were instructed to avoid vigorous physical exercise during ABPM measurement, but to follow their usual daily activities. A minimum of 40 recordings was required to consider the ABPM as valid \[[@CR30]\]. The following ABPM parameters were analyzed: mean arterial pressure (MAP), systolic/diastolic BP over 24 h, during daytime and nighttime. The diurnal BP rhythmicity was assessed by the ratio between the day and night (D/N) BP for MAP. A D/N ratio of ≥ 1.1 was considered as normal dipping status, whereas non-dipping status was defined as a D/N ratio *\<*1.1.

Patients were considered as hypertensive if their MAP, systolic and diastolic BP were above the 95th percentile, regardless of BP load and dipping/non-dipping status. Prehypertensive children (preHTN) showed BP below the 95th percentile, while normal BP (nBP) was recognized as below the 90th percentile.

Measurements {#Sec5}
------------

AGT was measured in urine using a commercially available enzyme-linked immunosorbent assay (ELISA) kit in accordance with the manufacturer's instructions (Uscn Life Science Inc., Houston, USA). Inter-assay and intra-assay coefficient variations were 5--10 %. Urine samples were collected in the morning and immediately stored at −70 °C. All urine specimens were used within 3 months after collection. To avoid differences in spot urine, uAGT was corrected for urinary creatinine. uNa and common biochemical parameters were determined in the clinical laboratory of the Poznan Medical University Hospital. Urinary albumin and creatinine concentrations were measured using an automated analyzer (Bayer).

Statistical analysis {#Sec6}
--------------------

Results of the studied biomarkers were non-normally distributed and nonparametric testing was used to compare all concentrations between the groups (Mann--Whitney test). Values that followed a non-normal distribution are expressed as mean ± standard deviation (SD). The relationship between two variables was assessed by Spearman's rank correlation coefficient. The level of statistical significance was \< 0.05.

Results {#Sec7}
=======

The demographic and clinical data of the study group and controls are given in Table [1](#Tab1){ref-type="table"}. Children with DM1 showed increased uAGT values with respect to controls (median 0.00 and range 1.76 vs 0.00 and 0.00 ng/mg). ACR, eGFR and uNa levels did not differ between the study groups. The comparison of children with normal BP, preHTN and HTN revealed a significant increase of uAGT in preHTN patients, as well as in HTN, when compared to controls (Table [2](#Tab2){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}). Changes of ACR, eGFR and uNa levels were not significant (Table [2](#Tab2){ref-type="table"}).Table 1The demographic and clinical data of the study group and controlsParametersDiabetes, *n* = 52Controls, *n* = 20pMedianRangeMedianRangeuAGT (ng/mg)0.001.760.000.000.015Age (yr)14.568.7312.0810.61NSRBMI (%)104.715.96101.8116.66NSeGFR (ml/min/1.73 m2)111.44140.06101.2783.99NSHbA1c (%)7.959.005.450.80\<0.001ACR (mg/g)8.0924.466.257.61NSuNa (mmol/l)100.95235.10102.80141.70NSsNa (mmol/l)140.5014.00139.506.00NSFE~Na~0.331.060.250.48NS*p* confidence level, *NS* non-significant, *na* not applicable, *SD* standard deviation, *uAGT* urinary AGT corrected for urinary creatinine (ng/mg), *uNa* urinary sodium, *sNa* serum sodium, *RBMI* relative body mass index, *eGFR* estimated glomerular filtration rate, *ACR* albumin/creatinine ratioTable 2The comparison of diabetic children to controls by blood pressure groupsParametersnBP; *n* = 28preHA; *n* = 7HA; *n* = 17Controlsp\*p\*\*p\*\*\*MedianRangeMedianRangeMedianRangeMedianRangeuAGT (ng/mg)0.001.760.040.880.020.350.000.00NS0.009\< 0.001eGFR (ml/min/1.73 m^2^)105.7783.52105.7745.54122.04134.22101.2783.99NSNSNSACR (mg/g)6.1223.797.9220.3812.8124.286.257.61NSNSNSuNa (mmol/l)112.00214.0091.50162.1083.15143.50102.80141.70NSNSNSsNa (mmol/l)141.0014.00138.008.00140.0010.00139.506.00NSNSNSFE~Na~0.400.870.510.630.220.580.250.48NSNSNSp\*---confidence level between nBP and Controls; p\*\*---confidence level between preHA and Controlsp\*\*\*---confidence level between HA and Controls*nBP* normal blood pressure, *preHA* prehypertensive, *HA* hypertensive, *uNa* urinary sodium, *sNa* serum sodium; *SD* standard deviation, *uAGT* urinary AGT corrected for urinary creatinine (ng/mg), *eGFR* estimated glomerular filtration rate, *ACR* albumin/creatinine ratioFig. 1Receiver operating characteristic (ROC) curves of uAGT considering the presence of hypertension (≥ 95 pc) in normoalbuminuric children with diabetes as status variable. The AUC for uAGT was 0.833 (CI: 0.704--0.922). The best cutoff value for the identification of hypertension in diabetes was found to be above 0 ng/mg, with a sensibility of 94.12 (CI: 71.3--99.9) and a specificity of 82.86 (CI: 68.4--93.4), *uAGT* urinary angiotensin

uAGT levels showed a positive correlation with BP values, both systolic and diastolic 24-h BP, with the strongest relationship with MAP (*r* = 0.594). The D/N ratio demonstrated negative correlation with uAGT values (*r* = −0.279). No correlations between uAGT and ACR, eGFR or HbA1c, as well as diabetes duration were found. There was no relationship between uAGT and HbA1c in different subgroups, including those with different diabetic control. In contrast, ACR, eGFR, and HbA1c, as well as uAGT, were negatively correlated with uNa (Table [3](#Tab3){ref-type="table"}). Moreover, uNa demonstrated a negative relationship with BP parameters, especially systolic BP and D/N ratio.Table 3The correlations of uAGT and uNa values with blood pressure and clinical parameters in the diabetic groupParametersuAGT (ng/mg)uNa (mmol/l)24S*r* = 0.538*r* = −0.346*p* \< 0.001*p* = 0.01224R*r* = 0.485NS*p* \< 0.00124MAP*r* = 0.594*r* = −0.293*p* \< 0.001*p* = 0.035D/N ratio*r* = −0.279*r* = 0.419*p* = 0.042*p* = 0.002Diabetes duration (yr)NS*r* = −0.401*p* = 0.003eGFR (ml/min/1.73 m2)NS*r* = −0.338*p* = 0.011HbA1c (%)NS*r* = −0.334*p* = 0.009ACR (mg/g)NS*r* = −0.329*p* = 0.008uNa (mmol/l)*r* = −0.379na*p* = 0.009sNa (mmol/l)NSNSFE~Na~*r* = −0.337na*p* = 0.006*p* confidence level, *NS* non-significant, *na* not applicable, *D/N ratio* the ratio between day and night (D/N) BP for MAP, *uAGT* urinary AGT corrected for urinary creatinine (ng/mg), *uNa* urinary sodium, *sNa* serum sodium, *ACR* albumin/creatinine ratio, *AGT* angiotensin

There was no significant correlation between BP parameters, that is, between systolic BP, diastolic BP, D/N ratio and eGFR, ACR.

Thirteen children (25 %) presented glomerular hyperfiltration.

Receiver operating characteristic (ROC) analysis of uAGT {#Sec8}
--------------------------------------------------------

ROC analysis was performed in order to define the diagnostic profile of uAGT in identifying hypertensive patients (above 95th percentile) among all diabetic children with normal albumin excretion. To this end, uAGT showed a good diagnostic profile, describing an AUC of 0.833 (CI: 0.704--0.922) with a best cutoff value of \> 0 ng/mg (sensitivity 94.12 %; specificity 82.86 %; see Table [4](#Tab4){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}).Table 4ROC analysis of urine angiotensin (uAGT) valuesuAGT (ng/mg)Sensitivity (95 % CI)Specificity (95 % CI)+LR-LR≥ 0100.00 (80.5--100.0)0.00 (0.0--10.0)1.00--\> 0^a^94.12 (71.3--99.9)82.86 (68.4--93.4)5.490.071\> 0.0341.18 (18.4--67.1)82.86 (66.4--93.4)2.400.71\> 0.3530.00 (0.0--19.5)91.43 (76.9--98.2)0.001.09\> 1.75910.00 (0.0--19.5)100.00 (90.0--100.0)--1.00Best cutoff value for the identification of hypertension in normoalbuminuric children with diabetes: \> 0 mg/mg. Area under the ROC curve = 0.833; standard error = 0.0602; 95 % confidence interval = 0.704--0.922. +LR = positive likelihood ratio*−LR* negative likelihood ratio^a^Best uAGT cutoff value

Discussion {#Sec9}
==========

The present study shows that in normoalbuminuric children with DM1 and with glomerular filtration above 90 ml/min/1.73 m^2^, there is a significant increase in the level of uAGT. This suggests that uAGT may serve as an early marker of renal involvement in patients with diabetes, and indicates that early activation of RAS may precede all other abnormalities typically required to diagnose DKD. Furthermore, uAGT correlated positively with BP. Children with normal BP---that is, below the 90th percentile---did not show elevated uAGT. The significant increase in uAGT was observed even in prehypertensive patients. These results indicate the potential association of uAGT with HTN in diabetic children, with an additional predictive value to detect prehypertensive children. Moreover, the ROC analysis revealed a good diagnostic profile of uAGT in identifying hypertensive patients, and showed that uAGT may be considered as a new marker of HTN in DM1. The association of 24-h systolic and diastolic BP with uAGT in diabetic children has not been previously studied. However, a positive relationship between uAGT and BP has been demonstrated in many reports in hypertensive, but non-diabetic patients, including adolescents \[[@CR16], [@CR20], [@CR23], [@CR32]--[@CR34]\]. It has been shown that increased uAGT, through increased angiotensin II levels, leads to salt-sensitive HTN via salt retention \[[@CR16], [@CR20], [@CR22], [@CR23], [@CR32], [@CR34]\]. In this study, the inverse correlation between uAGT and uNa was demonstrated. This might suggest that enhanced sodium reabsorption is caused by elevated angiotensin II, reflected by the increased level of uAGT. However, in hypertensive, non-diabetic patients, it was shown that uAGT excretion was higher, with greater uNa resulting from higher sodium intake \[[@CR22], [@CR23], [@CR32]\]. The authors concluded that increased dietary sodium stimulates the expression of AGT in the proximal tubule and is associated with clinical and ambulatory HTN \[[@CR20], [@CR32], [@CR35], [@CR36]\].

In diabetes, elevated uAGT and enhanced intrarenal RAS activity may be caused by hyperglycemia without being affected by sodium intake \[[@CR9], [@CR10], [@CR19]\]. This is a potential mechanism for the development of HTN in diabetic patients. However, in the early stages of diabetes type 1, the influence of enhanced sodium reabsorption stimulated only by hyperglycemia seems to play an important role. The increase in glucose and sodium reabsorption through enhanced expression of the Na/glucose co-transporter (SGLT) in the proximal tubule decreases uNa. Reduced uNa concentration in distal tubular fluid at the macula densa enhances glomerular filtration through the tubuloglomerular feedback (TGF) system \[[@CR37], [@CR38]\]. This is a typical early signal of renal involvement in diabetes. In the present study, 25 % of diabetic children presented glomerular hyperfiltration, and this may result from the increase in glucose and sodium reabsorption through enhanced expression on SGLT in proximal tubules.

Taken together, arterial HTN in DM1 might be caused by increased sodium retention resulting from two independent mechanisms: increased expression of the Na/glucose co-transporter, and increased angiotensin II levels. Might this, therefore, influence the antihypertensive policy in patients with DM1 using intrarenal RAS blockers or SGLT blockers? The question needs further investigation. However, a recent large-scale clinical study has reported that RAS inhibitors delay renal impairment caused by diabetic nephropathy, and in the present study, RAS blockers were administered to hypertensive patients \[[@CR39]\].

It should be emphasized that in this study, uNa levels within the whole study group did not differ from the controls. Similar observations have been reported by other authors, however for adult populations with DM1 \[[@CR40]\]. In our children with early diabetic complications, decreased uNa concentration was observed. Children with HTN, as well as those with higher ACR, eGFR and HbA1c values, and longer duration of the disease showed lower levels of uNa. In the literature there is little information concerning the relationship between sodium excretion, albuminuria and renal damage, and these observations require further evaluation.

Interestingly, there was no significant correlation between uAGT and ACR as well as eGFR. Positive correlations between uAGT, ACR and proteinuria have been shown in other studies, but in adult hypertensive patients without diabetes \[[@CR23]\]. In type 1 diabetes, these relations were not demonstrated and it was concluded that elevated uAGT in prealbuminuric phase patients is not simply a nonspecific consequence of proteinuria \[[@CR11], [@CR12]\]. In non-diabetic mice, it has been shown that filtered AGT was reabsorbed by the proximal tubule \[[@CR18]\]; thus, increased levels of uAGT in diabetic children might also result from lack of AGT reabsorption by injured proximal tubules. This may suggest that increased uAGT is an early sign of kidney damage in DM1, before the onset of microalbuminuria.

This study has some limitations. Firstly, it is a relatively small, but homogeneous group. Secondly, the impact of sodium intake was not studied; however, all subjects continued on free sodium intake. Next, intrarenal and serum RAS activity was not measured, but in many previous reports it was clearly stated that urinary AGT reflects intrarenal RAS activity only. Moreover, the exchangeable sodium should be assessed to show sodium retention; however, this exceeded the scope of our study.

In conclusion, the results of our study suggest that in children with DM1, increased levels of uAGT may reflect early renal involvement, before the onset of microalbuminuria. An increase in uAGT precedes HTN, and may be considered as a new marker of HTN in diabetic children with normal urinary albumin excretion. Decreased sodium excretion seems to be involved in the development of HTN and early renal injury. Both uAGT and uNa are associated with BP in normoalbuminuric diabetic children.
